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Table S1: Primers used in this study 
 
Primer Sequence Underlined sequence 
4704invitroTCfor TAATACGACTCACTATAGGGAGATCGAGATCACAGGTTGTTGC T7 promoter 
4704invitroTCrev GAGTTGCGCTGGAAGAACAG  
4704QPCRfor TCCCCGTCCGGGTCTTT  
4704QPCRrev TTCAGGGCGACGGAGTTC  
4705invitroTCfor TAATACGACTCACTATAGGGAGACAAGAATTCAAGGCGCAAAC T7 promoter 
4705invitroTCrev CTCCCCTCGGTGGTAGTGT  
4705QPCRfor GGAGGTCTTAACGCCGAAATC  
4705QPCRrev TCGCGCGCAATTGATG  
4706invitroTCfor TAATACGACTCACTATAGGGAGACCTCTCACCGATTCCCTTC T7 promoter 
4706invitroTCrev GATCACGGCACGGACAGT  
4706QPCRfor CAACCGAGCCAGGTCGAA  
4706QPCRrev AGTCTTCAGCACCGTCGACAT  
4707invitroTCfor TAATACGACTCACTATAGGGAGACCGAAGATCGATCCCTATGA T7 promoter 
4707invitroTCrev GAGGCTGCTTTGGAGACTTG  
4707QPCRfor GATTCACGCAATGTCCAACGT  
4707QPCRrev GGCCCTCGAACAACCCTTT  
4254invitroTCfor TAATACGACTCACTATAGGGAGACCATCGTCTCCATTGTCAGA T7 promoter 
4254invitroTCrev ATCCAGAGGATCAGCAGCAC  
4254QPCRfor TCGGCGTATTTCTCGCAGTT  
4254QPCRrev TCTGTGTTGATCCCGAAATGTT  
4266invitroTCfor TAATACGACTCACTATAGGGAGACTCGATCCATGCGTTGAAG T7 promoter 
4266invitroTCrev GCGGGTCATCGAGATGTT  
4266QPCRfor ACCACCCACGGCAACAAG  
4266QPCRrev CGGATTTCGCCCTTCGA  
hpnPinvitroTCfor TAATACGACTCACTATAGGGAGAACACCAAGTCCTTCGGTACG T7 promoter 
hpnPinvitroTCrev ATGCCGTAGCTTGAGATCGT  
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hpnPQPCRfor AAGACGCCTGAGCAGATCAT  
hpnPQPCRrev GCGGTTACCGATGAAATTGT  
shcinvitroTCfor (PW136) TAATACGACTCACTATAGGGAGAGCGCTGCTGAATTATCGTC (1) T7 promoter 
shcinvitroTCrev (PW137) CGACCAGCAAGAGATCAATG (1)  
shcQPCRfor (PW140) GTCGGCATCGACGAACTATT (1)  
shcQPCRrev (PW141) ATCCGAACAGCTTGAACAGC (1)  
4704upfor(2) GGCGCGCCACTAGTATGCGTCGTTGGATCGAG AscI, SpeI 
4704uprevfusion GACGTAACTTGTTCAATCGTCACCCCACTCCATCAGTCATCT  
4704dnforfusion AGATGACTGATGGAGTGGGGTGACGATTGAACAAGTTACGTC  
4704dnrev GGCGCGCCACTAGTCGTTCTGGACTTGGCTGTG AscI, SpeI 
4706upfor(4) GGCGCGCCACTAGTGAATCAGACCTGGCTTCTGC AscI, SpeI 
4706uprevfusion GTCGGCGGTGGATCAATCGTCACGAAGGGAATCG  
4706dnforfusion CGATTCCCTTCGTGACGATTGATCCACCGCCGAC  
4706dnrev GGCGCGCCACTAGTCGACTGGTCACTGGCCTATT AscI, SpeI 
4707upfor GGCGCGCCACTAGTGAACAAGGAAGCCAAAGACG AscI, SpeI 
4707uprevfusion GCTGTTTGCGCGTCTATCAGCTCTTACTCGGTGTCCGAG  
4707dnforfusion CTCGGACACCGAGTAAGAGCTGATAGACGCGCAAACAGC  
4707dnrev GGCGCGCCACTAGTGTGATCTCGACATCCCCACT AscI, SpeI 
PhyRSDMcodrevw/fusion GTCGGCGAGCTGAATAGCCGCCAGAATCAGACCTGG  
PhyRSDMcodforw/fusion CCAGGTCTGATTCTGGCGGCTATTCAGCTCGCCGAC  
4705codfor TCTAGATTCATATGCAAGAATTCAAGGCGC XbaI, NdeI 
4705codrev TCTAGATTACTAGTTTATTCCCTCCCCTCGGT XbaI, SpeI 
hisKH347Aupfor GGCGCGCCACTAGTCTCGGACACCGAGTAAGAGC AscI, SpeI 
hisKH347Auprevfusion ATCACCGCCAGGATGTTCTTCACCCGGGCGTTGAGC TCATCGATCACCGCAGTCAGGCG  
hisKH347Adnforfusion CGCCTGACTGCGGTGATCGATGAGCTCAACGCCCGG GTGAAGAACATCCTGGCGGTGAT  
hisKH347Adnrev GGCGCGCCACTAGTCGCATCTGGAGTTCGAGGAA AscI, SpeI 
Table S2. Pairwise percent identitiesa of R. palustris (Rpal), B.japonicum 
(Bjap), C. crescentus (Ccre), M. extorquens (Mext) and S. meliloti (Smel) 
PhyR, NepR and EcfG protein sequences 
 
 Rpal PhyR Bjap PhyR Ccre PhyR Mext PhyR Smel PhyR 
Rpal PhyR - 86 48 65 53 
Bjap PhyR  - 50 67 51 
Ccre PhyR   - 53 54 
Mext PhyR    - 52 
Smel PhyR     - 
 
 Rpal NepR Bjap NepR Ccre NepR Mext NepR Smel NepR 
Rpal NepR - 65 25 32 21 
Bjap NepR  - 22 28 27 
Ccre NepR   - 20 21 
Mext NepR    - 29 
Smel NepR     - 
 
 Rpal EcfG Bjap EcfG Ccre EcfG Mext EcfG Smel EcfG 
Rpal EcfG - 93 39 53 55 
Bjap EcfG  - 39 54 56 
Ccre EcfG   - 38 44 
Mext EcfG    - 50 
Smel EcfG     - 
aClustalW2 was used for determination of percent identity.  
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Table S3. Genes containing an upstream EcfG consensus binding motif 
(GGAACN18-19TT) 
 
Locus Description 
Rpal_0010 transcriptional regulator, AsnC family  
Rpal_0055 protein of unknown function DUF1150  
Rpal_0068 signal peptide peptidase SppA, 36K type  
Rpal_0092 conserved hypothetical protein; putative signal peptide  
Rpal_0119 hypothetical protein  
Rpal_0214 pyridoxamine 5'-phosphate oxidase-related FMN-binding  
Rpal_0221 beta-Ig-H3/fasciclin  
Rpal_0237 hypothetical protein  
Rpal_0261 cobalamin B12-binding  
Rpal_0288 alanine racemase domain protein  
Rpal_0300 hypothetical protein  
Rpal_0348 magnesium chelatase accessory protein  
Rpal_0371 RNA polymerase factor sigma-32  
Rpal_0384 oxidoreductase alpha (molybdopterin) subunit  
Rpal_0391 Ku protein  
Rpal_0424 protein of unknown function DUF1332  
Rpal_0464 hypothetical protein  
Rpal_0499 cobalt chelatase, pCobS small subunit  
Rpal_0567 hypothetical protein  
Rpal_0569 protein of unknown function DUF1236  
Rpal_0580 penicillin-binding protein, 1A family  
Rpal_0593 carboxyl-terminal protease  
Rpal_0768 phosphonate ABC transporter, ATPase subunit  
Rpal_0779 hypothetical protein  
Rpal_0797 Methyltransferase type 12  
Rpal_0816 hypothetical protein  
Rpal_0861 peptidase C14 caspase catalytic subunit p20  
Rpal_0871 putative metallo-hydrolase/oxidoreductase  
Rpal_0879 putative manganese transport protein  
Rpal_0898 Invasion associated locus B family protein  
Rpal_0901 protoheme IX farnesyltransferase  
Rpal_0955 UTP-glucose-1-phosphate uridylyltransferase  
Rpal_1040 multicopper oxidase type 3  
Rpal_1183 putative transcriptional regulator, Crp/Fnr family  
Rpal_1219 protein of unknown function zinc metallopeptidase putative  
Rpal_1225 Radical SAM domain protein  
Rpal_1241 membrane protein-like protein  
Rpal_1247 quinolinate synthetase  
Rpal_1279 hypothetical protein  
Rpal_1301 hypothetical protein  
Rpal_1405 alpha/beta hydrolase fold  
Rpal_1436 hypothetical protein  
Rpal_1468 Ferritin Dps family protein  
Rpal_1469 hypothetical protein  
Rpal_1473 hypothetical protein  
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Rpal_1487 diguanylate cyclase  
Rpal_1491 intracellular protease, PfpI family  
Rpal_1496 tRNA-specific 2-thiouridylase MnmA  
Rpal_1498 conserved hypothetical protein; putative signal peptide  
Rpal_1607 SRPI protein  
Rpal_1645 hypothetical protein  
Rpal_1662 hypothetical protein  
Rpal_1668 response regulator receiver protein  
Rpal_1670 FAD dependent oxidoreductase  
Rpal_1686 hypothetical protein  
Rpal_1687 hypothetical protein  
Rpal_1795 protein of unknown function DUF323  
Rpal_1827 putative exported protein of unknown function  
Rpal_1890 Superoxide dismutase  
Rpal_1927 hypothetical protein  
Rpal_1971 hypothetical protein  
Rpal_1992 diguanylate cyclase  
Rpal_2068 hypothetical protein  
Rpal_2090 hypothetical protein  
Rpal_2100 hypothetical protein  
Rpal_2103 conserved hypothetical protein; putative signal peptide  
Rpal_2185 integral membrane sensor signal transduction histidine kinase  
Rpal_2237 TonB-dependent siderophore receptor  
Rpal_2244 hypothetical protein  
Rpal_2289 hypothetical protein  
Rpal_2361 protein of unknown function DUF378  
Rpal_2362 short-chain dehydrogenase/reductase SDR  
Rpal_2364 signal transduction histidine kinase  
Rpal_2367 putative transcriptional regulator, Crp/Fnr family  
Rpal_2368 hypothetical protein  
Rpal_2370 Alcohol dehydrogenase GroES domain protein  
Rpal_2413 coproporphyrinogen III oxidase  
Rpal_2421 hypothetical protein  
Rpal_2423 hypothetical protein  
Rpal_2451 hypothetical protein  
Rpal_2456 yecA family protein  
Rpal_2585 Dihydroxy-acid dehydratase  
Rpal_2698 putative exported protein of unknown function  
Rpal_2712 multi-sensor signal transduction histidine kinase  
Rpal_2716 protein of unknown function DUF1236  
Rpal_2807 ETC complex I subunit conserved region  
Rpal_2832 extracellular solute-binding protein family 3  
Rpal_2849 conserved hypothetical protein; putative signal peptide  
Rpal_2852 hypothetical protein  
Rpal_2928 glycosyl transferase family 2  
Rpal_2992 hypothetical protein  
Rpal_3165 hypothetical protein  
Rpal_3220 glucan biosynthesis protein D  
Rpal_3279 protein of unknown function DUF461  
Rpal_3328 hypothetical protein  
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Rpal_3399 hypothetical protein  
Rpal_3400 hypothetical protein  
Rpal_3401 hypothetical protein  
Rpal_3435 Abortive infection protein  
Rpal_3438 hypothetical protein  
Rpal_3556 ATP-dependent Clp protease, ATP-binding subunit clpA  
Rpal_3589 Deoxyribodipyrimidine photo-lyase  
Rpal_3609 hypothetical protein  
Rpal_3672 30S ribosomal protein S12  
Rpal_3730 protein of unknown function DUF892  
Rpal_3732 Catalase  
Rpal_3733 glycogen debranching enzyme GlgX  
Rpal_3734 transglutaminase domain protein  
Rpal_3735 hypothetical protein  
Rpal_3736 2-alkenal reductase  
Rpal_3742  - 
Rpal_3763 acyltransferase 3  
Rpal_3820 hypothetical protein  
Rpal_3821 protein of unknown function DUF1328  
Rpal_3824 cation diffusion facilitator family transporter  
Rpal_3825 membrane-bound PQQ-dependent dehydrogenase, glucose/quinate/shikimate family  
Rpal_3834 Peptidoglycan-binding LysM  
Rpal_3898 Rhomboid family protein  
Rpal_3900 putative transcriptional regulator, Crp/Fnr family  
Rpal_3910  - 
Rpal_4020 hypothetical protein  
Rpal_4026 hypothetical protein  
Rpal_4030 hypothetical protein  
Rpal_4057 N-acetylmuramyl-L-alanine amidase, negative regulator of AmpC, AmpD  
Rpal_4081 hypothetical protein  
Rpal_4087 PRC-barrel domain protein  
Rpal_4092 FAD dependent oxidoreductase  
Rpal_4162 4-alpha-glucanotransferase  
Rpal_4163 alpha amylase catalytic region  
Rpal_4170 hypothetical protein  
Rpal_4171 ATP-dependent DNA ligase  
Rpal_4172 Ku protein  
Rpal_4173 hypothetical protein  
Rpal_4222 Luciferase-like monooxygenase  
Rpal_4247 protein of unknown function DUF892  
Rpal_4269 Radical SAM domain protein  
Rpal_4302 PfkB domain protein  
Rpal_4315 hypothetical protein  
Rpal_4329 hypothetical protein  
Rpal_4370 protein of unknown function UPF0118  
Rpal_4383 transcriptional regulator, Crp/Fnr family  
Rpal_4456 PAS/PAC sensor hybrid histidine kinase  
Rpal_4465 protein of unknown function DUF892  
Rpal_4498 hypothetical protein  
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Rpal_4534 hypothetical protein  
Rpal_4606 transcription elongation factor GreA  
Rpal_4614 hypothetical protein  
Rpal_4656 30S ribosomal protein S21  
Rpal_4668 Peptidoglycan-binding domain 1 protein  
Rpal_4684 hypothetical protein  
Rpal_4698 CsbD family protein  
Rpal_4699 hypothetical protein  
Rpal_4701 ErfK/YbiS/YcfS/YnhG family protein  
Rpal_4702 protein of unknown function UPF0118  
Rpal_4705 hypothetical protein  
Rpal_4707 signal transduction histidine kinase  
Rpal_4720 CBS domain containing membrane protein  
Rpal_4799 hypothetical protein  
Rpal_4834 conserved hypothetical protein; putative signal peptide  
Rpal_4866 hypothetical protein  
Rpal_4905 CsbD family protein  
Rpal_4948 hypothetical protein  
Rpal_4992 hypothetical protein  
Rpal_5003 major facilitator superfamily MFS_1  
Rpal_5025 putative exported protein of unknown function  
Rpal_5026 putative exported protein of unknown function  
Rpal_5051 hypothetical protein  
Rpal_5141 alpha,alpha-trehalose-phosphate synthase (UDP-forming)  
Rpal_5143 major facilitator superfamily MFS_1  
Rpal_5185 hypothetical protein  
Rpal_5236 histidine kinase  
Rpal_5241 PRC-barrel domain protein  
Rpal_5243  - 
Rpal_5244 hypothetical protein  
Rpal_5279 cytochrome bd ubiquinol oxidase subunit I  
Rpal_5315 hypothetical protein  
Genes in bold were investigated in this study 
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Figure S1. 
 
A 
 
Smel            -----MTLSTRIAPFLPYLRRYSRALTGSQTSGDAYVAAVLEALIADTSIFPEASSDRVA 55 
Ccre            -----MSLLARLAPHLPYIRRYARALTGDQATGDHYVRVALEALAAGELVLDANLSPRVA 55 
Rpal            -----MSRSQVVAEHLPLLRRYARALTGSQTSGDAYVGAMLEALLQDPALLDERHGPRPG 55 
Bjap            MNGVGMSRSQLVAEHLPLLRRYARALTGSQASGDAYVAAMLEAMLGDPAVLDESHGPRAG 60 
Mext            ------------MQHLPYLRRYARALTGSQVAGDAYVAATLETLVNEPETLGRSTNVKAD 48 
                              .** :***:*****.*.:** ** . **::      :    . :   
 
Smel            LFRLFTSMFGSSSVLVPEPVSP-FAWEQRASVNLAAVSPLARQAFLLVSVEAFTPQEAAE 114 
Ccre            LYRVFHAIWLSSGAQLEVGHDQGLHAGDDAAQRLMRIAPRSRQAFLLTALEGFTPTEAAQ 115 
Rpal            LFRLFTQIWNSVALNDDADVRT---LPMPSERRLSAITPLPRQAFLLLSLEGFSEEEVAF 112 
Bjap            LFRLFTQIWNSVSVNDDSEVTT---LPMPPERRLSNITPLPRQAFLLLSLEGFSEEEVAF 117 
Mext            LFRVFTRIWNSLSVNGHSDQVQ---HDLPAEVRLGQITPLPRQAFLLSCLEGFSEEDAGV 105 
                *:*:*  :: * .                .  .*  ::* .****** .:*.*:  :..  
 
Smel            VLDVDAAKLAALLDRASQEISRQVATEIMIIEDEPLIAIDIEQMVESLGHSVTGIARTKD 174 
Ccre            ILDCDFGEVERLIGDAQAEIDAELATEVLIIEDEPVIAADIEALVRELGHDVTDIAATRG 175 
Rpal            VLQVDVAEVRQLVETAGKEMAEEIATDVLIIEDETFIAMDLESLIKGLGHNVIGVARTHA 172 
Bjap            ILSTDVAETRRLADAAGREMAAEIATDVLIIEDETFIAMDLESLVKNLGHNVVGVARTHA 177 
Mext            ILDVDVSKVRDLVDEAGRELAADMATEILIIEDEPLIAMDLEALVEGLGHNVIGVARTRT 165 
                :*. * .:   *   *  *:  ::**:::*****..** *:* ::. ***.* .:* *:  
 
Smel            EAIALYE-TTKPNMVLADIQLADGSSGIDAVNEILKTAAVPVIFITAFPERLLTGERPEP 233 
Ccre            EALEAVT-RRTPGLVLADIQLADGSSGIDAVKDILGRMDVPVIFITAFPERLLTGERPEP 234 
Rpal            DAIALAK-TQKPGLILADIQLADGSSGLDAVNELLRTFEVPVVFITAYPERFLTGERPEP 231 
Bjap            DAVALAK-NRRPGLILADIQLADGSSGLDAVNELLRTFEVPVVFITAYPERFLTGERPEP 236 
Mext            EAVKIASESKRPGLILADIQLADGSSGLDAVNDLLKTFEVPVIFITAYPERFLTGERPEP 225 
                :*:        *.::************:***:::*    ***:****:***:******** 
 
Smel            TFLVTKPFNPEMVKALISQALFFNETTKAAA------ 264 
Ccre            TFLITKPFQPETVKAAIGQALFFHPRRTAKAA----- 266 
Rpal            AFLISKPFQPAMVSAVASQALFFQRNSRNRKPSAVAS 268 
Bjap            AFLISKPFQPAMVSAVASQALFFQRNSRNRTPKAPAA 273 
Mext            AFLIAKPFQPANVSAVISQALFFQQSARRREAHNA-- 260 
 
 
B 
 
Atum            MASTDYHVDLTNCDREPIHIPGYIQPHGCLIACDNAMRMVLRHSENCGELLGLEGDLNGR 60 
Smel            ------------------------------------------------------------ 
Rpal            ------------------------------------------------------------ 
Ccre            ------------------------------------------------------------ 
                                                                             
 
Atum            TAEDVLGKKLVHDLRNALTVTGRTTRPAMLPAMETSDGRSFDISLHRYKSTTIIEFEPSG 120 
Smel            ---------------------MREKTEAMLPAVAQVLDAPERLGVLQAAVP-----DMSV 34 
Rpal            ------------MVRLGFIIGLIAIIGVVLSGFSASRVYEQEAAIQRIALGRAIDVHASQ 48 
Ccre            -----------------MALCVALLPVLILGGLQSIFAFRAEADARRQSLELAAGHSATI 43 
                                            :* ..             :           :  
 
Atum            SDAQPLG---TARKMVDRIREADSVESLISRTTRLVKATLGYDRVMIYRFQEDGAGKVVS 177 
Smel            PDEDFDG---LARLAASLFDAPIALVSLVDREWQWFKACIG-----------------TT 74 
Rpal            VQDRLTERELLGRVASGLFRKPSVIKADMLQPLRSSIYTFKTDFVLATWVARLKPEEVPA 108 
Ccre            ARARIEA----AGVLLQTLGPGSVGLECAQRLADVRARLPGYANLIRFDARGRVSCAAAT 99 
                           .      :           :                            : 
 
Atum            EAKQPELESFLGQYFPASDIPQQARALYLKNTLRIISDASGTRIPVLPAVDVSGEPLDLS 237 
Smel            ETRSHVRESFC---------------------VHTIAAGDGGPFLVLDASRHP------A 107 
Rpal            AEAELTKAGFP---------------------DPTVRDYDGKPLDLSSPVPLD------V 141 
Ccre            TPYDPQRGARP--------------------WFQALRASEDMVVASAPGVVYAD-----E 134 
                   .    .                          :   ..  .                 
 
Atum            YAHLRSVSPIHCEYLRNMGVAASMSISVIVDGALWGLIACHHYSPRVLSMPVRIAAEMFG 297 
Smel            FRHRRAVGSPPFVRFYAG-------APIVLDGQAIGTVAVLDVEPRSE------------ 148 
Rpal            VMDVEPRNAETMALTGRMLDHDPVLGRTFAQALAEGQPHVSDPVPLTGS----------- 190 
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Ccre            PAVLAAVRAGTPERFDGAMAAVLTLRELKLQTTNRFMPEGAEVALADSN----------- 183 
                     .  .                     :          .                   
 
Atum            EFFSMHLQVLKQKRRLDTINHAHAALDRFLRLAAHHANIEELLVDSFQDFADLMPCDGVG 357 
Smel            -------VSAKRQSELQRIAGVAASLFKLKDEARRRALKEAALSREEQRLAMALDAANVG 201 
Rpal            -------GPVGVVLAAPVMNTDSSDIVGFVTFSYRLASLMLTNDDLSLFSVVLKDPSREG 243 
Ccre            ----------GRVFAATRPSAFGAPQLDWRQIAARDKSVMWSGADLEGHSRNYSAAPLVD 233 
                                       :        : :                        . 
 
Atum            LWVGNNWHGHGATPPHDAIPRLARFVASASEGRVWATHALSQAIPEAEIYAGTAAGMLAI 417 
Smel            SWLWDIRAGTVSGN-----GAMMRMFGLPPERTVGAKAIFSAIHPEDRIPT--------- 247 
Rpal            YELVADESGEISSRVAPEGANPMIVRTVTFGNRDWSLAYYPKIDPYDRAQK--------- 294 
Ccre            DHVFVILSAPSSGLLSWASINPISRLLLPLLAFFLALGAVLYAAERGVIRW--------- 284 
                  :     .  :                .      :                         
 
Atum            PLSQVKSDYLLFFRKEIVQNLNWAGNPEKSYETGPMGDRLTPRKSFAIWKETVRLQAQPW 477 
Smel            ---------FSKLRQAMAANEEYDG----MFRIGTNGRWLLGR----------------- 277 
Rpal            ----------------MALIIGLAGLALTLIVCGLFG----------------------- 315 
Ccre            ----------IVYLQRVAAIYARGRFTVRPLQAERAPPEIR------------------- 315 
                                :.                                           
 
Atum            SEADREIAEAARIALVEVAFHHSELMAGERERAEVRQRMLNEELNHRVKNVLAIIKSLVG 537 
Smel            GRVHDRDSKGAPLSFLGMTIDVSDQQASVN-----RTRLLLKELNHRVKNTLAMLQSLAR 332 
Rpal            -YVSYSNIRLRREIQMRIGFER-------------RLTAVIDELNHRVKNILAVIQSIVT 361 
Ccre            ELAATLDAMAGGIVARDASLMDS----------LAEKDALMREIHHRVKNNLQIITSLLN 365 
                  .                :               .   :  *::***** * :: *:   
 
Atum            NPSQEGKTLQEYVTALKG--RIQALSFAHDQIIR---------GEGG-GALRDLLEAELS 585 
Smel            QTLRQTSDPAEFMTAFAG--RLQAISEAHGLLSD---------YEWGTIHLSELISKQLL 381 
Rpal            RTLRHGSDLDVARELLIG--RIHAMSNVVSLLSD---------SQWQGVMLKGLFEGRAI 410 
Ccre            MQQRALSDPAAKAAMNDTRQRITALAQIYRALYQGPDLKRVDLRPFLEELTAQLLASDMG 425 
                   :  .             *: *::     :                     *:      
 
Atum            PHRSPE-TTVKLEGPQITLDSRAFSVMALVLHELATNAAKYGALSQ-NGGQLHVRWDVNE 643 
Smel            PYVSDYSQQVELHKDEILLGPDQAVGLGLVLHELATNAVKYGALSVPTGKIVLTARRVVE 441 
Rpal            P----HADRIEVDGPDIAVSARAAQSLSLLFFELASHSDEGLAVVGKHPRVVANWTVTGD 466 
Ccre            GFGGGGLVRTEVHADPLVIDPDRLAPIALFAVEAITNAQKH-AFGPSGGTLVVGFHVRGE 484 
                          ::.   : :..     :.*.  *  ::: :  *.       :       : 
 
Atum            NRD--CEISWRETLLTTLPAPSRAGFGTALISRSIPYDLGGRSTIRYLPNGLEAEILLPF 701 
Smel            DGESVLHLTWTEVGGPPIREPRRRGFGSILIERSLDKIIGSSVKVEYLPAGVTALIRLPL 501 
Rpal            GKDATFHFRWEEFNTSAATRRPDSEFGIILLDRVAPEALGGTSKRYFTDISYVYELTAPL 526 
Ccre            EAELSISDDG-----PGAVESLGGGVGRTLMTAFARQLRGQVAFETREPRGLTVRLTFPT 539 
                  :            .         .*  *:        *          .    :  *  
 
Atum            RHVSSVSAAFETKTEAETLPQPRRYNREEPLKVLLVEDQMLIAMDVENMLEDNGIKAIET 761 
Smel            ------------------------------------------------------------ 
Rpal            DTVVDVYERDRTGQITAPVRPPRKSPKQPR------------------------------ 556 
Ccre            PQALSAAG---------------------------------------------------- 547 
                                                                             
 
Atum            ATSSAMAIEKLKTYLPDVAILDINLGSDTSIPVARELHRRGIPFLFATGYADGSMVPDEF 821 
Smel            ------------------------------------------------------------ 
Rpal            ------------------------------------------------------------ 
Ccre            ------------------------------------------------------------ 
                                                                             
 
Atum            GAVPVIRKPYDEDALMAGIGVLVGDTERV 850 
Smel            ----------------------------- 
Rpal            ----------------------------- 
Ccre            ----------------------------- 
                                              
 
Figure S1. Alignment of (A) PhyR and (B) HK (Histidine kinase) proteins from 
various α-proteobacteria using ClustalW2. Abbreviations used for each strain are 
as follows; Smel, Sinorhizobium meliloti 1021; Ccre, Caulobacter crescentus 
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CB15; Rpal, Rhodopseudomonas palustris TIE-1; Bjap, Bradyrhizobium 
japonicum USDA 110; Mext, Methylobacterium extorquens AM1; and Atum, 
Agrobacterium tumefaciens C58-UWash. Symbols below amino acids represent 
conserved (*), strongly similar (>0.5 score, :) or weakly similar (≤0.5 score, .) 
residues. Conserved active site residues are highlighted in gray; in case of Rpal, 
D189 for PhyR and H347 for HK. 
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Figure S2. 
 
 
 
Figure S2. Alignment of hpnP upstream regions from sequenced R. palustris 
strains using ClustalW2. The EcfG-motif, depicted within the gray boxes 
(GGAACN18-19TT), is conserved in all strains. * denotes conserved bases. Bases 
201-203 represent hpnP start codon. 
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Figure S3. 
 
 
 
Figure S3. Growth of R. palustris strains under various (A) pH and (B) sucrose 
concentrations. We tested growth by spotting 10-fold serial dilutions of each of 
the strains, WT (DKN379), ∆shc (DKN677), ∆hpnP (DKN692), ∆phyR (DKN1219) 
and ∆ecfG (DKN1216), on agar plates with desired medium three independent 
times. Relative to WT, ∆shc exhibited growth defects at pH 5.5, 8, 8.5, 9 and in 
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presence of sucrose. Other mutants grew as well as WT under all conditions, 
except at pH 5.5, where their growth was less sparse than WT at higher dilutions, 
10-2, 10-3 and 10-4. 
 
 
